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Abstract: Previous research highlights the positive influence that experiences in nature have on
children’s physical, emotional and conceptual development. There is also evidence that indicates
that the availability of green areas on school grounds is associated with pupils’ better academic
performance as well as with their comprehension of wildlife. This study examines the drawings
that 152 children completed with the objective of expressing their understanding of the plant world.
Approximately half of the drawings were depicted by children that attend a school with green areas
within the school site as well as in the surrounding area. The remaining half of the sample includes
the illustrations that children attending an educational centre with, virtually, no green areas within
the school premises or in the immediate vicinity. Notwithstanding the fact that the two schools
involved in the study belong to a similar social context and they are relatively close to each other, the
results show relevant differences between the drawings by the two groups compared, in terms of
the pictorial content and the utilisation of colour. The results are discussed in light of the growing
number of studies that emphasise the positive impact that close contact with nature has on children’s
everyday life at school.
Keywords: early education; drawings; botanical understanding; school greenness; plant cover;
conceptual understanding; biology
1. Introduction
Most children enjoy activities in nature. Gardening, collecting and observing living
beings, exploring or just playing in gardens and green areas are among those activities in
which children love being involved [1,2].
The significance of the close contact with nature in early years, however, goes beyond
mere enjoyment. Research indicates that children’s engagement in nature-based out-of-
doors activities has a relevant and positive impact on their mood and welfare [3]. Current
evidence also points out that activities in nature have a positive influence on motor and
cognitive development in childhood [4].
In addition, children with more access and more experiences in nature display higher
levels of connection with the environment, a fact that results in a greater tendency to display
pro-environmental behaviours [5]. Not surprisingly, the establishment of green areas that
allow young people to interact with plants and animals in their natural environment
constitutes an essential aspect of plans for conservation and improvement of biodiversity in
urban areas [6] because involvement with nature plays a decisive role in shaping positive
attitudes towards biodiversity that last well beyond infancy.
Regarding the conceptual development within the biological domain, children’s un-
derstanding of biodiversity and their knowledge about the environment improve as the
opportunities that they have to interact with nature expand [5,7]. This way, outdoor educa-
tional programmes that encourage children to experience nature first-hand have proved an
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effective means of enhancing their understanding of nature [8]. Similarly, activities in a
school garden serve to improve pupils’ knowledge about wildlife and environmental pro-
cesses [9], and they are related to improvements in children’s knowledge about vegetables,
a fact that contributes to developing more healthy nutrition behaviours [10].
In this context, school grounds are of special relevance as optimal places to provide
early contact with nature, to promote a better understanding of biodiversity and to in-
volve schoolchildren in environmental education [11]. In this regard, some regulations in
Europe recommend that 0.5 m2 per pupil should be set aside on the school premises for
natural habitats including, for example, untreated grassed areas, gardening areas, pods,
meadowlands, planted borders and trees [12]. These ideas connect with recent research
that highlights the fact that the outdoor environment surrounding schools might have a
beneficial effect on students’ academic performance [13].
On a separate but not unrelated matter, the analysis of young children’s drawings of
nature has proved to be a useful source of information to collect data regarding how the
understanding of biological phenomena evolves during childhood. Thereunder, Eugenio-
Gozalbo, Aragón, and Ortega-Cubero [14] examine children’s drawings of “a garden”
to track what aspects of science learning enhance when children take part in activities
in a school garden. The authors pinpoint that the knowledge linked to plant life is the
most prevalent science learning that children achieve thanks to their participation in this
kind of nature-based out-of-doors activities. Similar results are reported in Laaksoharju’s
study [15], which indicates that children’s pictorial expression about a garden becomes
more detailed and with a greater variety of plants after being involved in gardening
activities during summer time. The latter paper also highlights that compared to the
representations drawn by children in urban areas, the depictions that children in rural
settings create on the topic of gardens tend to display plants in more detail as well as to
introduce a greater variety of vegetables in their illustrations. Villarroel, Antón, Zuazagoitia
and Nuño [16] also account for significant differences between drawings on the issue of
plant life that children enrolled in rural schools depict and those made by children attending
urban schools. Based on this study, the differences arise in connection with the variety of
plants but particularly with the tendency that rural schoolchildren show to illustrate plant
specimens in more detail.
Taken as a whole, the abovementioned studies strengthen the assumption that close
contact with nature has a positive impact on children’s affective, cognitive and motor
development and facilitates the emergence of pro-environmental attitudes and behaviour
in childhood. All of the bibliographic references previously cited also reinforce the belief
that the opportunities for nature-based experiences provided by schools (either by activities
in their green areas or by to the fact that schools’ location facilitates children’s contact with
the natural environment) beneficially influence the understanding and graphic expression
of nature in childhood.
This research project attempts to collect fresh data coherent with this belief. More
specifically, the research question that guides this study refers to whether the fact that
schools present marked dissimilarities in terms of the possibilities that they offer to facilitate
their students’ contact with nature can be related to differences in the drawings that children
in the initial educational levels create to express their knowledge about the plant world. It is
worth noting that, although significant efforts have been made to examine the influence that
the school environment has on pupils’ comprehension of nature, the study of whether this
influence extends to children’s way to express their knowledge of biological phenomena
has been significantly more limited. Importantly, no study has examined the drawings of
plant life made by children from schools that are very different in terms of accessibility to
green areas.
This way, the study analyses two samples of drawings that children aged 4–7 years
old drew when they were asked to express, through drawings, what the plant world means
to them. The two samples originate from two urban schools belonging to the same cultural
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context and they both are publicly funded. The schools, however, show very different
characteristics when it comes to accessibility to green areas.
The specific objectives are as follows:
1. To examine the pictorial content and the use of colour in the drawings that children
in the sample depict to express their knowledge about plant life; and
2. To relate the differences that the two educational centres included in the study show
in terms of accessibility to green areas with the pictorial content and the use of colour
in the depictions of the plant world that the children in the sample draw.
The ultimate purpose of the study is to provide the scientific community with addi-
tional data regarding the role that green areas within and around educational centres have
in the promotion, throughout childhood, of more accurate knowledge about biodiversity
and nature.
2. Materials and Methods
The methods used in the research begin with a description of the characteristics of the
educational centres involved in the study and the sample of drawings examined. Next, the
pictorial task proposed to the participating students is detailed, as well as the variables
considered for the data analysis. Finally, the ethical considerations linked to the research
procedure are presented.
2.1. Description of the Educational Centres Involved in the Study
The research was carried out in two urban schools that are located in the metropolitan
area of Bilbao (Spain) [17]. They are within 20 km of each other.
The first school (hereinafter, school A) is located in the municipality of Getxo, which
has a population of less than 80,000 inhabitants. The second educational centre (hereinafter,
school B) is located in the city of Bilbao, with a population of over a quarter of a million
inhabitants.
School A is located in a transition zone between the urban area of the city and the
rural area surrounding the municipality. The environment surrounding the school is
characterised as having an intermediate population and urban density and has green areas,
parks and orchards.
School B, on the other hand, is located in the centre of the city of Bilbao in a highly
urbanised area, with high population density and without green areas around the school.
Table 1 presents information regarding the context in which the schools participating in the
study are located [18].
Table 1. Characteristics of the social environment of the schools participating in the study.
School A School B
Municipality, country Getxo, Spain Bilbao, Spain
Total population (number of inhabitants) 77,088 343,430
Total area of the municipality (km2) 11.89 41.60
Relative area of undeveloped land (%) 21.65 37.55
Green area per person (km2/inhabitant) 6.60 4.95
Density (inhabitants/km2) 6510.8 8461
Table 2 breaks down the information related to the green areas within the school
grounds and their surroundings.
Table 2. Information related to the green areas of the two educational centres involved in the study.
School A School B
Green areas inside the educational centre grounds (m2) 1710.9 29.4
Green areas in the area surrounding the educational centre (m2) 11.922 0.0
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The green areas within the school premises and their perimeters were obtained
through the GeoEuskadi geospatial information service [19]. Following the procedure used
in a previous investigation [1], the surrounding green area was measured at a perimeter
50 m wide from the outer limit of the school buildings. GIMP software was used for the
analysis and processing of the images [20].
Figure 1 shows aerial photographs of the schools involved in the study, showing the
boundaries of the school campus as well as the 50-metre-wide perimeter that was used as a
reference for estimating the surrounding green area.
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Figure 1. Aerial photographs of schools A (left) and B (right) showing the area corresponding to the
school (interior line) and the exterior perimeter drawn to measure the surrounding green area (space
between the interior and exterior lines). Source: www.geoeuskadi.eus (accessed on 28 April 2021).
2.2. The Sample of Drawings Studied
This study analyses a total of 152 drawings created by students between 4 and 7 years
of age. This age range has been the focus of particular attention of prior research regarding
the understanding of biological phenomena in early childhood [16]. Seventy of the draw-
ings were made by the students in school A and 82 by students in school B. The ratio of
the number of girls to the number of boys was 1:1. Table 3 presents the distribution of the
participants in the sample regarding their educational level and age
Table 3. Distribution of students by level (age) and sex.
Preschool Education Primary Education
4–5 Years 5–6 Years 6–7 Years % Girls
School A 23 23 24 50
School B 26 21 35 50
The number of girls and boys is exactly the same in each school. There are no statis-
tical differences in the number of students by level between the two schools (Chi squared
test = 1.432 [2]; p = 0.482). Moreover, there are no differences by sex between the three
levels (Chi squared test = 1.387 [2]; p = 0.5).
The Appendix A presents four representative drawings of the analysed illustrations
(see Figures A1–A4).
Sustainability 2021, 13, 4999 5 of 13
2.3. Description of the Pictorial Task
The drawings composing the sample were collected during the month of June 2019
through individual interviews with the participating children. The interviews were con-
ducted by a single person, and the same researcher was in charge of all the interviews.
Next, the procedure used to carry out the interviews with the students is described,
which coincides with the protocol used in previous investigations [21,22].
The pictorial activity began with the researcher meeting with the students of each
classroom to introduce themselves and present the activity. During this first meeting,
the researcher, with the help of the teacher responsible for the group, told a story to the
children in which the character explains their difficulty in understanding what plants are.
The researcher used a doll to tell the story, and the aim was to motivate the students to
become engaged in the task of explaining, through drawing, everything they know about
the world of plants to the story’s protagonist.
After this introduction and story-telling, individual interviews with each of the study’s
participants began. The children were asked to explain through a drawing everything
they knew about plants in order to help the story’s protagonist understand what plant life
is. During the interview, the children were not offered additional information regarding
how to complete the drawings. This interview was conducted in a place connected to the
classroom but outside of it. During the interview, a sheet of paper, a pencil, an eraser and
a pen were made available to the child. After they finished drawing, 12 markers were
offered in random order, in the following colours: dark green, light green, dark blue, light
blue, black, brown, red, yellow, orange, purple, pink and grey. The pictorial activity lasted
between 10 and 15 minutes. After the child expressed that she or he had finished the
drawing, the researcher reviewed with them the meaning of the pictorial content depicted
to be sure that she could understand what the child had wanted to represent.
It should be noted that the students were generally very agreeable to participating in
the pictorial activity.
2.4. Variables and Statistical Procedures
The research described in this article is based on analysing the variables indicated
below. The selection of the variables is in line with the procedures described by previous
research regarding the study of children’s representations of plant world [21,22]:
(a) Independent variables: educational centre (school A and school B) and sex.
(b) Dependent variables: related to the pictorial content and the colour used in the
drawings, as follows:
• Number of pictorial elements identified in each of the drawings composing the
sample. It is understood that a pictorial element is the graphic representation
of a drawn entity that presents a certain level of independence with respect to
other parts of the drawing. The pictorial elements can be realistic representations
of objects and living beings, for example, a flower or a tree, but they can also
be abstract representations, such as decorative patterns. The researcher who
carried out the meeting with the children also encoded the drawings, based on
the information that she had collected regarding the meaning of the pictorial
content of the drawings in the interviews. Notably, this same criterion has been
used in previous research [23].
• Number of different pictorial elements in each of the following five categories:
# Plants: plant type (flowers, grass, vegetables, fruit, trees, etc.);
# Morphological elements of the plant world: singular parts of plants, for
example, leaves, seeds, roots or fruits;
# Abiotic elements: sun, clouds, rainbows, rain, soil, mountains, etc.;
# Other living things: vertebrate animals, invertebrates, fungi, mushrooms,
etc.; and
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# Elements unrelated to the plant world: the representation of entities
without or little relationship with the plant world, for example, balls,
houses, roads, trucks, etc.
• Total area coloured: quantification of the coloured area in each drawing, taking
values between 0 and 623.7 cm2 (Din A4).
• Area coloured with each of the 12 colours that the girls and boys who participated
in the pictorial activity had available to them at the time of the interview.
Notably, the total number of different pictorial elements within each category are
counted. As such, possible repetitions are not considered. For example, if two trees and
three flowers appear in a drawing, what will be recorded in the plant category for the
drawing will be two pictorial elements (one for tree and one for flower). Previous studies
analysing the pictorial content expressed by young girls and boys regarding the plant
world use similar categories and criteria [22,24]. Moreover, a single researcher measured
the coloured areas by using a raster graphics editor following the procedure described in
previous research [21].
Regarding statistical procedures, the analysis of the dependent numerical variables as
a function of the independent categorical variables was carried out using the Kruskal-Wallis
test [25]. The effect size was estimated using the statistical parameter η2 (eta-squared) [26].
In this regard, the effect size was considered based on the following intervals: small if
0.01 ≤ η2 < 0.06; medium if 0.06 ≤ η2 < 0.14 and large if η2 ≥ 0.14 [27].
The level of significance used in the study was 0.05, and the significant differences
detected were considered relevant from median values of the effect size.
IBM SPSS Statistics version 26 [28] was used to perform the statistical analyses, and
the software R version 3.5.0 [29] was used to prepare the figures that graphically represent
the variables.
2.5. Ethical Declaration
The research procedure presented below was reviewed and approved by the Ethics
Committee for Research on Human Beings of the University of the Basque Country/Euskal
Herriko Unibertsitatea (M10_2016_247MR1_VILLARROEL VILLAMOR).
The study received approval from the school directors and the teachers involved in
the study. The families of the children who participated in the interviews gave their written
consent. No recordings were made or photographs taken of the students who participated
in the study.
3. Results
The results of the study are presented below. First, the data related to the sample
as a whole are summarised, both in terms of the pictorial content and the area coloured.
The second part of the results section presents the analysis of the differences between the
drawings made by the girls and boys of school A and those of school B.
3.1. Results of the Study for the Sample as a Whole
In the 152 drawings analysed, a total of 414 pictorial elements were counted. Table 4
presents the frequency of each of the pictorial categories studied.
Regarding the study of colours in the drawings, the mean area coloured per drawing
was 55.9 cm2. Figure 2 shows the mean coloured area and the confidence interval (95%) for
each of the 12 colours available to the children throughout the activity.
Finally, in the present study, no evidence was found to conclude that there were
significant differences between the drawings by girls and boys, both in terms of both the
pictorial content and the use of colour.
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Table 4. Relative frequency (%) of the categories of pictorial elements identified in the analysed sample set (n = 414).
Categories % Registered Pictorial Elements
Plants 58.1 Flowers, grass, trees, other types of plants.
Morphological elements of plants 1.4 Leaves, fruits.
Abiotic elements 24.6
Sun, clouds, rain, sky and rainbows.
Soil, earth, substrate.
Mountains, rivers.
Other living things 4.1 Vertebrate animals.Fungi.
Elements unrelated to the plant world 11.8 Heart, house, car, road, garbage, smoke, letters, doll, watering can, church,monster, ball.
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3.2. Results of the Study Related to the Comparison Between the Drawings by Children in School A
and School B
In the analysed sample, there were statistically significant differences between the
two schools in terms of the total number of pictorial elements identified in the drawings
(Kruskal-Wallis H-test = 12.861 [1]; p < 0.001; η2 = 0.0852). The differences were also
significant with respect to the pictorial category plants (Kruskal-Wallis H-test = 12.26 [1];
p < 0.001; η2 = 0.081). Notably, in both comparisons, the effect size was medium. As Table 5
indicates, the children in the school A t nd to draw more illustrations of plants and include
more pictorial elements in their de ictions.
Table 5. Descriptive statistics of the frequencies f the plant and total number of pictorial elem nts
categories broken ow for each of the two ducation l centres.
School A (n = 70) School B (n = 82)
Med Mean Sd Min-Max Med Mean Sd Min-Max
Plants 2.0 1.97 1.97 1–9 1.0 1.51 1.24 0–4
Total 3.0 3.44 2.9 1–13 1.0 2.11 2.05 0–10
The total coloured area in the drawings was significantly different between schools A
and B (Kruskal-Wallis H-test = 16.833 [1]; p < 0.001; η2 = 0.111). Importantly, the effect size
related to this comparison was medium.
Finally, of the 12 possible colours available for drawing, in the sample examined,
significant differences were found between school A and school B in terms of the areas
coloured light green (Kruskal-Wallis H-test = 10.76 [1]; p < 0.01; η2 = 0.071), red (Kruskal-
Wallis H-test = 13.23 [1]; p < 0.001; η2 = 0.088) and yellow (Kruskal-Wallis H-test = 17.43 [1];
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p < 0.001; η2 = 0.115). The effect sizes for these particular colour comparisons indicate that
the relationship between the variables is medium, with the highest value for yellow.
Figure 3 shows the mean values and confidence interval for the mean (95%) for each of
the three colours that showed significant differences between the drawings by students of
the two schools. Table 6 summarises the descriptive statistics related to the total coloured
area and the colours light green, red and yellow for each of the two educational centres.
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Table 6. Descriptive statistics for each of the t o educational centres for the total coloured area in the
drawings a well as the coloured are corresponding to green, yellow and red.
School A (n = 70) School B (n = 82)
Med Mean Sd Min-Max Med Mean Sd Min-Max
Total area 43.4 59.2 60.2 0–265.7 7.2 29.6 48.4 0–275.2
Light green 0.0 11.7 19.3 0–28.5 0.0 5.7 12.2 0–15.0
Yellow 3.2 .3 7.1 0–36. 0.0 2.3 4.9 0–26.3
Red 1.0 6.2 14.3 0–84.9 0.0 1.0 1.9 0–10.3
4. Discussion and Conclusions
This study aimed to analyse the drawings that young children from two urban educa-
tional centres depicted to express their understanding of plant life.
The educational centres under consideration are located in a similar cultural and
urban context and relatively close to each other. However, they substantially differ in
terms of accessibility to green areas. School A has green areas within the school grounds as
well as in its surroundings. Furthermore, this school involves pupils in garden activities
when they are in preschool (4–5 years). School B, by comparison, has virtually no green
areas within the schoolyard nor around the school premises. In addition, the school delays
gardening activities until schoolchildren are in primary education.
Based on the data provided by this research project, the drawings of plant life that the
children in school A drew, compared with those drawn by children in school B, display
a significantly greater number of pictorial elements and they include a greater variety of
plants. Relevant differences also appear in terms of the utilisation of colour. Specifically, the
total coloured area is significantly more extensive in the drawings by children in school A
than in the representations by students in school B. More to the point, the children in school
A tend to create larger drawings, particularly using the colours green, red and yellow.
In connection with these observations, previous research indicates that both the
pictorial content that young children display in their floral representations as well as
the colours that they select for their drawings are related to their understanding of the
plant world. Thus, Villarroel and Infante [30] report that the drawing of key pictorial
elements in children’s representation of plant life, such as the sun, rainfall, clouds, soil and
trees, is linked to their comprehension of the concept of living things and, in particular,
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to considering plants as living creatures. Ahi [31] also points out the importance that
the pictorial content in drawings has regarding the study of comprehension of the plant
world in early childhood. The author relates the frequency of representing the sun, rainfall,
soil and different specimens of plants (trees, flowers, and grass) to the understanding
of the plant world that young children express in their drawings. Similarly, Anderson,
Ellis and Jones [32] also inform that the content of drawings that young children create
reflects their conceptual understanding of the plant world. More to the point, children’s
better understanding of the plant world appears to be associated with the representation
of a larger diversity of vegetables in their drawings [14]. Other research finds that the
detail with which children depict plants is related to the mental models that children have
regarding plant life [33].
The colours that children choose in their drawings of plant life have also been shown
to be connected with their conceptual development in the botanical domain. Thus, the
colours yellow and green are those that young children use to represent, respectively, the
sun and aboveground parts of plants [21]. Moreover, it is reported that as the children
attribute more importance to the role that the sun plays in plant life, they also tend to
allocate wider areas of their drawing to the solar representation, a fact that leads them to
paint more extensive areas in yellow [34]. Other research pinpoints that those children
expressing a more realistic perception regarding the plant world tend to colour larger areas
of their drawings with brown, yellow and green to represent tree trunks, the sun and
vegetables [31].
In light of the previous research, the fact that the children in school A drew more
pictorial elements and a wider variety of plants, together with the observation that they
painted larger areas and, in particular, in yellow and green, cannot be considered as a minor
matter. Thus, the children in school A, with more accessibility to nature and green areas
during their school day, might have developed a more detailed and accurate comprehension
of the plant world and its diversity. This fact would then be reflected in their illustrations
on flora inasmuch as the children in school A depicted more variety of plants and expressed
their illustrations of flora with a more realistic utilisation of colours. By contrast, a more
limited contact with plants during school activities might have prevented the children in
school B from having those experiences with vegetables and plants in their educational
centre that eventually could boost a more precise understanding on plant life in childhood.
This circumstance would remain evident in their drawings of the plant world, in which the
diversity of plants appears more poorly illustrated.
The abovementioned assumption fits in well with those studies that indicate that the
outdoor environment surrounding educational centres may positively influence students’
academic performance [13,35] and, more significantly, children’s understanding of plant
life [11,14,15] and nature [8]. In addition, beyond cognitive development, ecosystems,
wildlife and, in particular, plant life play noteworthy roles in enhancing artistic inspira-
tion [36,37], a fact that might be supported by the fact that the children in school A depicted
more pictorial elements and coloured larger areas in their drawings.
In summary, this study accounts for the association that occurs between the charac-
teristics that educational centres involved in the study have in terms of the possibilities
they offer to facilitate students’ contact with nature and the pictorial characteristics of the
representations of the plant world that the children in the sample drew. The data provided
does not allow us to conclude causal relationships, nor does it allow us to rule out other
factors that eventually might influence the way that children draw their understanding of
plan life (such us their experiences outside the school time, with their families or in their
free time). Nevertheless, the results presented do support emerging research outcomes that
show the beneficial effect that contact with nature during school activity has on children’s
understanding of biological phenomena [14–16]. On the basis of the above, gardens, green
schoolyards and green walls should be regarded a significant assets to promote learning
and development [38].
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